plete RPMI (RPMI 1640, 10% fetal bovine serum, penicillin [100 U/ml], streptomycin [100 #g/ml], glutamine [2 raM] , and 2-ME [50/zM]) at 37~ in a humidified 5% CO2 atmosphere.
Preparation of Murine Blast Targets.
Con A-stimulated blast cells were generated as described (10) . Fresh murine splenocytes were adjusted to 2 x 106 cells/ml and cultured for 2-3 d in complete RPMI supplemented with 5/zg/ml of Con A. Before use as targets, cells were collected on Ficoll to remove dead cells. . .M13 mutants were derived as previously described (11) . RNK-16 cells were treated with ethylmethane sulfonate (200 #g/ml) in complete RPMI for 24 h. Cells were washed, and then allowed to grow for 3 d. They were then selected against the expression of the 3.2.3 (NKR-P1A) antigen by flow sorting. After five rounds of negative selection, NKR-PlA-negative cells were cloned and then subcloned to limiting dilution. The cell surface phenotype of each clone was determined, and several clones were analyzed for NKR-P1 mRNA expression.
Generation of NKR-PIA-deficient Mutants of
Northern Blot Analysis. Poly(A) + RNA was prepared by a variation of the mRNA isolation protocol (Fast Track; Invitrogen, San Diego, CA) according to the manufacturer's instructions. 2/zg of poly(A) § RNA from each cell line was analyzed by Northern blot analysis according to standard methods (12) . The RNA was resolved by gel electrophoresis and transferred to a nitrocellulose membrane. A 32p-radiolabeled full-length rat NKR-PIA cDNA probe was generated using ~-[32p]dCTP (3,000 Ci/mmol, Amersham Corp., Arlington Heights, IL) by using the Random Hexanucleotide Primer Labeling kit (Boehringer Mannheim Corp., Indianapolis, IN) according to the manufacturer's instructions. After prehybridization, the membrane was incubated with the probe overnight at 42~ in hybridization solution (50% formamide, 6x SSC, 5x Denhardt's, 1% SDS, and 50/xg/ml salmon sperm DNA) as described (12) . The membrane was then washed at progressively higher stringency, with the final wash in 0.25x SSC, 0.1% SDS, at 42~ As a control, the blot was stripped by treatment with 1 mM EDTA at 95~ for 15 rain and reprobed with the glyceraldehyde-phosphate dehydrogenase (GAPDH) cDNA.
Transfection of witk the Rat NKR-P1A cDNA.
Reconstitution of NKR-PIA expression in RNK-16.M13 mutants was accomplished using the retroviral gene transfer system as described (13) . Briefly, the full-length rat NKR-PIA cDNA was subcloned into the EcoRI site of the pMV7 expression vector, which was then transfected into the packaging cell line ~ by using calcium phosphate precipitation (12) . After 48 h, culture supernatants were used to infect PA317 packaging cells in 100-mm dishes in the presence of polybrene (8 #g/ml) for 2 h. Stably transfected PA317 packaging lines were generated by selection in G418 (250/~g/ml in complete RPMI). Supernatants from NKR-PIA-transfected PA317 cells were incubated with RNK-16.M13 cells in the presence of polybrene. After 2 d, the RNK-16.M13 cells were selected in 300/zg/ml of G418 in complete RPMI. NKR-PIA-expressing cells were isolated and subcloned after ,,020 d in selection. One clone, RNK-16.T18, exhibited a phenotype characteristic of all high expressing transfectants.
Cytotoxicity Assays. Cytotoxicity was measured by using SlCrrelease microcytotoxicity assays as previously described in detail (7). For antibody-blocking studies, F(ab')2 fragments (50/~g/106 effectors) were added to effectors at 20~ 15 min before assays.
Assays for Pkospkoinositide Turnover. Assays for inositol-l,4,5-trisphosphate (InsP3) were performed exactly as described (7) . Briefly, duplicate samples of 5 x 106 [3H]inositol-labeled NK cells were stimulated with 107 targets in a total volume of I ml. The cells were rapidly pelleted and resuspended in 1 ml of 10% TCA. The [3H]InsP3 from each sample was extracted with diethyl ether and resolved by ion exchange chromatography on Dowex Ag 1-X8 (Bio-Rad Laboratories, Hercules, CA).
Results and Discussion
RNK-16 cells were treated with the mutagen ethylmethane sulfonate and sdected against the surface expression of rat NKR-P1A. Eight cloned cell lines lacked detectable surface expression of NKR-PLA. One line, RNK-16.M13, also lacked detectable m R N A transcripts for all members of the NKR-Pl family (Fig. 1) . RNK-16.M13 expressed other surface molecules at normal levels, including CD2, CD45, and gp42 (not shown).
RNK-16.M13 lysed most tumor targets, including YAC-1, with approximately the same effidency as the parent line (Table  1) NKR-P1 family (Fig. 3, E-F) . We conclude that NKR-P1A is a specific receptor for IC-21 but that other members of the NKR-P1 family can also serve this function.
Killing of C1498 or B-16 cells, in contrast to IC-21 cells, was not substantially restored by expression of NKR-PIA;
in each of three experiments, killing was either absent or was only slightly above baseline (Fig. 3, B and C) . Thus, NKR-P1A alone cannot significantly restore the lyric response to these two targets.
As another assay for the NK response to targets, we next examined polyphosphoinositide turnover, an early transmembrahe signal in NK cell activation (7). The generation of InsP3 by RNK-16 cells in response to target cells was compared to the generation of InsP3 by RNK-16.M13 and RNK-16.T18 cells (Fig. 4, A-C ,-~ J. 0ll/0/2 domain of the H-2D b allele, and not all H-2 b targets were killed by NKR-1A + cells (Table 1) . Also, recent studies of human NK clones have not shown a correlation between response to class I antigens and the expression of a human homologue of NKR-PIA (18) . Resolution of this issue will require isolation of the ligands for NKR-PIA. Although a physiologic ligand for NKR-PLA has not yet been fully characterized, soluble preparations of the rat NKR-PIA lectin domain can bind to specific monosaccharides and neoglycoconjugates (4) . IC-21 targets should be a fruitful source for characterization of a natural ligand for NKR-P1A.
Our studies are the first to demonstrate a target-specific receptor that activates natural killing. The superfamily oflectinlike receptors on NK cells thus includes sped fie receptors that can either activate (NKR-P1) or inhibit (Ly-49) lysis by NK cells in response to specific ligands on target cells. The NKR-P1 family appears to provide specificity for only a limited range of targets. It is likely that other specific receptors remain to be identified, perhaps within the superfamily of NK lectinlike receptors.
